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Cross Reference 

This application claims the benefit of U.S. Provisional Application 
No. 60/032,340, hied Dec. 4, 1996. 
Background of the Invention 

The invention relates generally to semiconductor integrated 
circuits, and more particularly, to a spherical shaped semiconductor 
integrated circuit and a system and method for manufacturing same. 

Conventional integrated circuits, or "chips", are formed from a flat 
surface semiconductor wafer. The semiconductor wafer is first 
manufactured in a semiconductor material manufacturing facility and is 
then provided to a fabrication facility, or "fab." At the fab, several layers 
are processed onto the semiconductor wafer surface. Once completed, the 
wafer is then cut into one or more chips and assembled into packages. 
Although the processed chip includes several layers fabricated thereon, 
the chip still remains relatively flat. 

To own and operate a modern wafer manufacturing facility, fab, 
and assembly facility, tremendous resources must be assembled. For 
example, a single fab typically cost several billion dollars, and therefore 
requires a great deal of capital and commitment. This high level of 
capital and commitment is compounded by many problems inherent to 
both chips and fabs. 

Many of these problems reflect on the enormous effort and expense 
required for creating silicon wafers and chips. For example, 
manufacturing the wafers requires creating rod-form polycrystalline 
semiconductor material; precisely cutting ingots from the semiconductor 
rods; cleaning and drying the cut ingots; manufacturing a large single 
crystal from the ingots by melting them in a quartz crucible; grinding, 
etching, and cleaning the surface of the crystal; cutting, lapping and 
polishing wafers from the crystal; and heat processing the wafers. 
Moreover, the wafers produced by the above process typically have many 
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defects. These defects can be attributed to the difficulty in making a 
single, highly pure crystal due to the cutting, grinding and cleaning 
processes as well as impurities associated with containers used in 
forming the crystals. For example, oxygen is a pronounced impurity 
associated with the quartz crucible. These defects become more and 
more prevalent as the integrated circuits formed on these wafers contain 
smaller and smaller dimensions. 

A problem associated with modern fabs is that they require many 
different large and expensive facilities. For example, fabs require dust- 
free clean rooms and temperature-controlled manufacturing and storage 
areas to prevent the wafers and chips from defecting and warping. The 
amount of dust in the clean rooms is directly proportional to the end 
quality of the chips. Also, warping is especially problematic during heat 
treatment processes. 

Other problems associated with modern fabs result from their 
inherently inefficient throughput as well as their inefficient use of 
silicon. For example, modern fabs using in-batch manufacturing, where 
the wafers are processed by lots, must maintain huge inventories to 
efficiently utilize all the equipment of the fab. Also, because the wafers 
are round, and completed chips are rectangular, the peripheral portion of 
each wafer cannot be used. 

Still another problem associated with modern fabs is that they do 
not produce chips that are ready to use. Instead, there are many 
additional steps that must be completed, including: cutting and 
separating the chip from the wafer; assembling the chip to a lead frame 
which includes wire bonding, plastic or ceramic molding and cutting and 
forming the leads, positioning the assembled chip onto a printed circuit 
board; and mounting the assembled chip to the printed circuit board. 
The cutting and assembly steps introduce many errors and defects due to 
the precise requirements of such operations. In addition, the positioning 
and mounting steps are naturally two-dimensional in character, and 
therefore do not support curved or three dimensional areas. 
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Therefore, due to these and various other problems, only a few 
companies in the world today can successfully manufacture conventional 
chips. Furthermore, the chips must bear a high price to cover the costs 
of manufacturing, as well as the return on initial capital and investment. 

5 Summary of the Invention 

The present invention, accordingly, provides a spherical shaped 
semiconductor integrated circuit and a system and method for 
manufacturing same. The spherical shaped semiconductor integrated 
circuit, hereinafter "ball", replaces the function of the flat, conventional 

10 chip. The physical dimensions of the ball allow it to adapt to many 

different manufacturing processes which otherwise could not be used. 
Furthermore, the assembly and mounting of the ball facilitates efficient 
use of semiconductor material as well as circuit board space. 

An advantage achieved with the present invention is that it 

15 supports semiconductor processing using wafting in a vacuum, gas or 

liquid. Such wafting may be in a vertical, horizontal or diagonal 
direction. 

Another advantage achieved with the present invention is that it 
supports semiconductor processing while the ball is moving through a 
20 pipe, tube, or container. Such movement may be in a vertical, horizontal 

or diagonal direction. Furthermore, the pipe or tube can be continuous, 
thereby reducing or eliminating the need for a clean room environment. 

Another advantage achieved with the present invention is that it 
supports semiconductor processing at ultra-high temperatures, including 
25 such temperatures at or above conventional semiconductor material 

warping or melting points. 

Another advantage achieved with the present invention is that it 
facilitates crystal formation in that a spherical crystal is naturally 
formed by its own surface tension. 
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Another advantage achieved with the present invention is that the 
spherical shape of the ball provides much gTeater surface area on which 
to inscribe the circuit. 

Another advantage achieved with the present invention is that the 
5 spherical shape of the ball withstands external forces better than the 

conventional chip. As a result, conventional assembly packaging is not 
always required with the ball. 

Another advantage achieved with the present invention is that the 
spherical shape of the ball allows one ball to be connected directly to a 
10 circuit board or clustered with another ball. Such clustering enables 

three-dimensional multi-active layers and multi-metal layers in any 
direction. 

Another advantage achieved with the present invention is that it 
allows a single, relatively small facility to manufacture the 
15 semiconductor material as well as perform the fabrication. Furthermore, 

the requirements for assembly and packaging facilities are eliminated. 

Another advantage achieved with the present invention is that it 
reduces manufacture cycle time. 

Another advantage achieved with the present invention is that a 
20 single fabrication structure can be commonly used for many different 

processing steps. 

Other advantages, too numerous to mention, will be well 
appreciated by those skilled in the art of semiconductor fabrication. 
Brief Description of the Drawings 
25 Fig. 1 provides a flow chart for making and using a spherical 

shaped semiconductor integrated circuit embodying features of the 
present invention. 

Fig. 2 illustrates a return-type fluid bed repetitive reactor for 
manufacturing granular semiconductor polycrystal. 

Fig. 3 illustrates a descending-type wafting treatment device used 
as a granular single crystal furnace for processing the polycrystal of Fig. 
2. 



- 4 - 




WO 98/25090 



PCT/US97/14922 



10 



15 



20 



25 



Fig. 4 illustrates a spherical surface polishing system for polishing 
a spherical semiconductor single crystal. 

Fig. 5A illustrates a floating-type treatment device for processing 
the crystal of Fig. 4. 

Fig. 5B provides a close-up view of part of the floating-type 
treatment device of Fig. 5A. 

Fig. 6 illustrates a movement-type treatment device for processing 
the crystal of Fig. 4. 

Fig. 7 illustrates a descending-type treatment device for processing 
the ball. 

Fig. 8 illustrates an ascending-type treatment device for processing 
the ball. 

Fig. 9 illustrates a descending-type wafting treatment device used 
as a diffusion furnace for processing the ball. 

Fig. 10 is a descending- type treatment device with electrodes for 
processing the ball. 

Fig, 11 is a descending- type treatment device with coating 
sprayers for processing the ball. 

Fig. 12 is a descending-type treatment device with gas sprayers for 
processing the ball. 

Fig. 13 illustrates a spherical surface mask for use in photo 
exposure processing. 

Fig. 14 illustrates a spherical slit drum for use in photo exposure 
processing. 

Fig. 15 illustrates a fixed-type photo exposure system. 

Fig. 16 illustrates a ball with alignment marks used in photo 
exposure processing. 

Fig. 17 illustrates a first mounting system for used with the first 
fixed-type photo exposure system of Fig. 15. 

Fig. 18 illustrates a second mounting system for used with the 
first fixed-t\ r pe photo exposure system of Fig. 15. 
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Fig. 19 illustrates a conveyor system used with the second 
mounting system of Fig. 18. 

Fig. 20 illustrates a positioner system used with the second 
mounting system of Fig. 18. 

Fig. 121 illustrates a pivotal arm system used with the second 
mounting system of Fig. 18. 

Fig. 22 illustrates a reflecting-type photo exposure system. 
Fig. 23 illustrates a descending-type photo exposure system. 
Fig. 24 illustrates a finished version of the ball. 
Fig. 25 illustrates many balls mounted to a circuit board. 
Fig. 26 illustrates a VLSI circuit made by clustering several balls. 
Detailed Description of the Invention 

Referring to Fig. 1, the reference numeral 100 generally designates 
a manufacturing system for creating and configuring spherical shaped 
15 semiconductor integrated circuits ("balls"). For the remainder of the 

description, the process will be described with respect to silicon, it being 
understood that any semiconductive material can be used. 

Initially, a crystal formation process 110 forms a single spherical 
crystal Upon formation of the spherical crystal, a fabrication process 
20 120 constructs a circuit onto the spherical crystal to form the balls. Once 

fabricated, a clustering process 130 connects the balls with each other 
and other devices, such as a printed circuit board. 

I. FORMATION OF GRANULAR POLYCRYSTAL AND A SINGLE 
SPHERICAL CRYSTAL. 

25 Conventionally, there have been three prevalent methods for 

manufacturing granular polycrystal semiconductor. One method is to 
crush a polycrystal rod or ingot. Another method utilizes fluid bed 
reaction by supplying powder form polycrystal to a fluid bed reactor. A 
third method involves melting semiconductor material in an inert gas 

30 and "blowing off' or dropping the melted semiconductor. These three 

methods have many associated problems. For one, each of the above 
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methods is very labor intensive, especially as the size of the polycrystal 
increases to support larger and larger diameter wafers. As a result, they 
are all fairly expensive and result in a relatively poor yield of quality 
product. In addition, the granules are not uniform in size and weight, 
5 particularly with the fluid bed reactor method. 

A. A GRANULAR POLYCRYSTAL PROCESSING SYSTEM 
Referring to Fig. 2, a return-type repetitive fluid bed reactor 
furnace 200 grows silicon polycrystal line powder 202 into graular 
polycrystals. The fluid bed reactor furnace 200 uses a fluid bed reaction 

10 process, operating at a high temperature over a very short time, to grow 

the powder 202 from a crushed silicon ingot or other source. As a result, 
the fluid bed reactor furnace 200 produces granules that are relatively 
uniform in size and weight. 

The fluid bed reactor furnace 200 contains a furnace compartment 

15 204, a supporting stand 206, a weight sorter 208 and a plurality of pipes 

including return pipes 210, 212, gas pipes 214, 216, 218, 220, 222, 
exhaust pipe 224 and material conveyance pipes 226, 228. Attached to 
the furnace compartment 204 are heaters 230, 232. 

In operation, the silicon polycrystalline powder 202, in powder or 

20 sand form, enters the furnace compartment 204 through the material 

conveyance pipe 226. Simultaneously, a gas such as monosilane SiH4 is 
injected from the bottom of the furnace compartment 204 through gas 
pipes 218, 220. The powder 202 and the SiH4 mix to form a fluid bed 
reaction layer inside the furnace compartment 204. The fluid bed 

25 reaction layer is heated by heaters 230 and 232. 

As the powder 202 is mixing in the furnace compartment 204, it 
grows in size such that it eventually falls into the weight sorter 208. At 
the weight sorter 208, rejected granules 234, which are lighter than a 
predefined weight, are returned to the fluid bed reaction layer through 

30 the return pipes 210, 212. However, granules 236 meeting the 
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predefined weight are exported through the material conveyance pipe 
228. Also, exhaust gas is discharged through the exhaust pipe 224. 

As the granules 236 are exported through the material conveyance 
pipe 228, a carrier gas (not shown) is injected through the gas pipe 222 
5 to help carry the granules. In addition, by injecting an appropriate 

amount of impurity to the carrier gas, the silicon of the granules 236 can 
be doped to become n-type or p-type silicon, as desired. Furthermore, by 
connecting several fluid bed reactor furnaces 200 in series, the granules 
236 can also be manufactured by a repetitive fluid bed reaction process. 

10 B A SYSTEM FOR MANUFACTURING SMALL GRANULAR 

SINGLE CRYSTALS 
Referring to Fig. 3, a descending-type wafting treatment device 
300 is used to manufacture a small granular single crystal. The wafting 
device 300 includes a furnace compartment 302, a supporting stand 304, 

15 a landing table 306 and a plurality of pipes including gas pipes 308, 310, 

an exhaust pipe 312, and material conveyance pipes 314, 316. Attached 
to the furnace compartment 302 are several pre-heaters 318 : ultra-high 
temperature heaters 320, and low temperature heaters 322, thereby 
forming a preheat zone 324, an ultra-high temperature zone 326, and a 

20 iow temperature zone 328, respectively, inside the compartment. The 

ultra-high temperature zone 326 may alternatively, or additionally, be 
heated by other methods including high-frequency heating, laser beam 
heating or plasma heating. 

In operation, each of the granules 236 (Fig. 2) enters the wafting 

25 device 300 through the material conveyance pipe 314. The granules 236 

first enter the preheat zone 324, which has a temperature below the 
melting point of granular polycrystal silicon. The granules 236 then 
descend through an opening 330 into the ultra-high temperature zone 
326, which has a temperature far above the melting point of silicon. The 

30 ultra-high temperature zone 326 is filled with inert gas (not shown) 

containing impurities, which is piped in from gas pipes 308, 310. The 
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impurities carried with the inert gas also allow the granules 236 to be 
doped n-type or p-type, as required. The granules 236 melt as they 
descend through the ultra-high temperature zone 326, the rate of descent 
being controlled by the inert gas flowing through the gas pipes 308, 310. 
5 Because each of the granules 236 have melted, they become 

spherical in shape due to surface tension, and thereby take the form of a 
granular single crystal 340. The granular single crystals 340 continue to 
descend into the low temperature zone 328, where they harden. The low 
temperature zone 328 is of sufficient air pressure to assist the granular 

10 single crystals 340 in making a soft landing on the table 306. 

It is understood that the direction of flow through the wafting 
device 300 is not essential to the formation of the granular single 
crystals 340. For example, an alternative embodiment is an ascending- 
type wafting device which propels the granular single crystals upwards 

15 by the injected gas. Therefore, for this device, as well as other devices 

described below, obvious modifications to direction of flow are therefore 
anticipated. 

Referring to Fig. 4, although some of the granular single crystals 
340 may already meet required specifications for diameter and 

20 roundness, it may be necessary to polish one or more of the granular 

single crystals 340 using a granular single crystal spherical surface 
polishing device 400. The polishing device 400 includes an outer pipe 
402, an inner pipe 404 having a tapered section 406 and an expanded 
section 408, and material conveyance pipes including a product inlet pipe 

25 410. A distance 412 between the inner surface of the outer pipe 402 and 

the outer surface of the expanded section 408 defines the final diameter 
of the granular single crystals 340. The polishing device 400 may be in a 
vertical, horizontal, or diagonal orientation to facilitate the polishing 
process. 

30 In operation, the granular single crystals 340 enter the polishing 

device 400 through the inlet pipe 410 and fall into an area 414 denned 
by the tapered section 406 and the outer pipe 402. The outer pipe 402 
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rotates in one direction while the inner pipe 404, including the tapered 
section 406 and expanded section 408, rotates in the opposite direction. 
Although not shown, the inlet pipe 410 also allows polishing material 
such as alumina powder and water to be introduced into the area 414. 
As a result of the counter rotations of the pipes 402, 404, along with the 
abrasive affects of the alumina powder and water, the granular single 
crystal 340 is polished into a spherical shape of a desired diameter. 

The polishing device 400, due to the polishing and grinding actions 
occuring within, creates a large amount of heat. Therefore, to cool the 
polishing device 400, the pipe 402 includes conduits (not shown) to allow 
a cooling fluid to flow therethrough. Many other devices described below 
require cooling, it being understood that cooling fluids and alternative 
methods of cooling are well understood in the art, and will therefore not 
be further discussed. 

C. SINGLE SPHERICAL CRYSTAL MANUFACTURING 
Referring to Fig. 5A, a spiral-type floating treatment device 500 is 
used to grow a single spherical crystal by epitaxial growth. The spiral 
device 500 includes a furnace section 502, a support stand 504, a soft- 
landing table 506, and a plurality of pipes, including material conveyance 
pipes 508, 510, gas pipes 512, 514, 516, an exhaust pipe 518, and heaters 
520, 522. The heaters 520, 522 define zones inside the spiral device 500, 
including a preheating zone 524 and a high temperature epitaxial growth 
zone 526, respectively. 

Referring also to Fig. 5B, the material conveyance pipe 508 
connects to a float pipe 528 which is a continuous, spiral shaped pipe 
inside and coaxial with the gas pipe 512. The float pipe 528 is spot- 
welded to the gas pipe 512 so that a liquid can flow between the two. In 
the present embodiment, the liquid is monosilane gas, mixed with other 
gases such as argon, hydrogen or helium. For simplicity, the liquid will 
hereinafter be referred to as a carrier gas 530. The granular single 
crystal 340 moves through the float pipe 528, while the carrier gas 530 
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moves through the spiral pipe 512. The carrier gas 530 enters the gas 
pipe 512, under pressure, through gas inlet pipes 514, 516, and is 
exhausted through the gas outlet pipe 518. The float pipe 528 includes a 
plurality of very small gas apertures 532 so that the carrier gas 530 can 
flow therethrough and support the granular single crystal 340 inside the 
float pipe 528. As a result, the granular single crystal 340 "floats" on the 
carrier gas inside the float pipe 528, thereby avoiding direct contact with 
the float pipe. 

In operation, each granular single crystal 340 enters the spiral 
device 500 through the material conveyance pipe 508, which connects to 
the float pipe 528. The granular single crystal 340 then begins to travel 
down the float pipe 528, pulled by gravity and floating on the carrier gas 
530. The granular single crystal 340 moves through the preheating zone 
524 into the epitaxial growth zone 526. 
15 Upon entering the epitaxial growth zone 526, the granular single 

crystal 340 begins to epitaxially grow. Impurity concentration and rate 
of epitaxial growth can be controlled by the temperature of the epitaxial 
growth zone 526, as well as impurities injected into the gas pipe 512 
through the carrier gas 530. Finally, the granular single crystal 340 has 
20 epitaxially grown into a nearly perfect sphere, hereinafter referred to as 

a crystal sphere 540. The crystal sphere 540 then exits the float pipe 
528, lands on the soft-landing table 506, is cooled, and proceeds through 
the material conveyance pipe 510. 

Referring to Fig. 6, a movement- type floating treatment device 600 
25 is another apparatus for epitaxially growing the single spherical crystal 

340. The movement device 600 includes a furnace section 602, a support 
stand 604, heaters 606, and a plurality of pipes, including a material 
conveyance pipe 608 connected to a float pipe 610, gas pipes 612, 614, 
and an exhaust pipe 616. The float pipe 610 and gas pipe 612 operate in 
a manner similar to the float pipe 528 and the gas pipe 512, respectively, 
of Fig. 5B. Furthermore, the heaters 606 define zones inside the 



30 
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movement device 600, including a preheating zone 618, a cooling zone 
620 and a high temperature epitaxial growth zone 622. 

In operation, the granular single crystal 340 enters the movement 
device 600 through the material conveyance pipe 608. The granular 
5 single crystal 340 then begins to travel down the material conveyance 

pipe 608, being pulled by gravity and floating on the carrier gas 530 from 
gas pipe 614. The granular single crystal 340 moves through the 
preheating zone 618 into the epitaxial growth zone 622. 

Upon entering the epitaxial growth zone 622, the granular single 

10 crystal 340 begins to epitaxially grow. Impurity concentration and the 

rate of epitaxial growth can be controlled by the temperature of the 
epitaxial growth zone 622, the angle of the material conveyance pipe 608, 
and the impurities injected into the gas pipe 612 through the carrier gas 
530. Finally, the granular single crystal 340 has epitaxially grown into 

15 the crystal sphere 540, similar to that of Fig. 5. The crystal sphere 540 

then exits the movement device 600 through the material conveyance 
pipe 608. 

Because the crystal sphere 540, and all of its predecessors, arc 
small, light and round, the entire manufacturing process described above 
20 can be easily automated. For example, inlet product pipes of one device 

can be mated with outlet product pipes of a predecessor device. 
Therefore, because the entire process can be formed out of continuous 
pipes, the introduction of contaminants is greatly reduced. 

II. FABRICATION OF THE BALL. 

2 ^ Fundamentally, fabrication of a ball includes the same basic 

processing steps used by conventional chip or wafer fabrication. Wafer 
fabrication is implemented by exposing mask patterns to the surface of 
the semiconductor wafer and implementing processing or treatment 
operations to the wafer surface. The processing or treatment operations 

30 can be further described as: de-ionized water cleaning, developing and 

wet etching; diffusion, oxidation and deposition of films; coating; 



- 12 - 



10 



WO 98/25090 PCT/US9 7/1 4922 

exposure; plasma etching, sputtering and ion implantation; ashing; and 
epitaxial growth. 

The fabrication equipment described below may facilitate several 
different methods and each of the methods can be used to perform 
different processing operations. For example, a wafting processing 
treatment method can be used for cleaning, drying, or making films on 
the crystal spheres 540 as they travel therethrough, examples of which 
are described below. 

Therefore, the fabrication processes and equipment described 
below are not listed in any particular sequence. Also, it is understood 
that many of the processes will be repeated. Further still, the processes 
described below are not intended to be exclusive of all the fabrication 
processes, but are intended to illustrate sample processes to provide a 
clear understanding of the invention. Because the sequence and 
15 repetition of the processes may be different, the crystal sphere 540 will, 

for the following discussion and following figures relating to fabrication, 
be referred to as a ball 700, even though it goes through many changes 
during fabrication. 

A. CLEANING PROCESS 

20 Conventional wafer processing cleans wafers by fixing a lot of 

wafers onto a wafer boat and dipping both into large reservoirs of de- 
ionized water. Many problems are associated with this method. For one, 
the time and cost of replacing the de-ionized water with fresh water is 
significant. Further, the entire process requires large and expensive 

25 reservoirs. 

Referring to Fig. 7, a descending-type wafting device 702 performs 
a cleaning process on the ball 700. The wafting device 702 includes a 
processing pipe 704 with a product inlet 706, a product outlet 708, a de- 
ionized water inlet 710, a de-ionized water outlet 712, and a product 

30 guide 714. 
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In operation, the ball 700 enters the product inlet 706 and begins 
to descend towards the product outlet 708. The rate of descent is 
affected by the de-ionized water 716 flowing through the processing pipe 
704 and gravitational pull on the ball. The de-ionized water 716 is 
5 flowing in a direction opposite to that of the descending ball 700. Before 

the product guide 714 directs the ball 700 to the product outlet 708, the 
"freshest" de-ionized water is being used to clean the ball. 

Referring to Fig. 8, an ascending- type wafting device 800 may also 
be used to clean the ball 700. The wafting device 800 includes a 
10 processing pipe 802 with a product inlet 804, a product outlet 806, a de- 

ionized water inlet 808, a de-ionized water outlet 810, and a product 
guide 812. 

In operation, the ball 700 enters the product inlet 804 and begins 
to ascend towards the product outlet 806. The rate of ascension is 

15 affected by the de-ionized water 814 flowing through the processing pipe 

802 and gravitational pull on the ball; the flow rate of the de-ionized 
water being greater than that of the ball. The de-ionized water 814 is 
flowing in the same direction as the ascending ball 700. The product 
guide 812 directs the ball 700 from the product inlet 804 to the product 

20 outlet 806. 

As a result, both the ascending-type and descending-type wafting 
devices 800, 702 clean the ball 700 without the use of conventional de- 
lonized water tanks, support a steady flow of balls, and are relatively 
small in size. In addition, the ball 700 remains in a hermetically sealed 

25 environment, and therefore is less likely to become contaminated. 

Furthermore, the ascending-type and descending-type wafting devices 
800, 702 can be combined, such as by the connecting product outlet 806 
to the product inlet 706, to better facilitate cleaning. Such combination 
of devices can be similarly implemented in the remaining process steps to 

'M) better facilitate the respective process. 
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B. WET-ETCHING 

Conventional wet etching is similar to conventional cleaning 
processes, and has similar problems. For one, wet etching typically 
requires large tanks of chemicals for performing the etching process. In 
addition, once wafers have been removed from the tanks, the wafers are 
suspect to contamination by being exposed to surrounding air. In 
contrast, the two above described wafting devices (Figs. 7, 8) may also be 
used for the wet-etching process. The operation of the wafting devices is 
the same as described with reference to Figs. 7, 8, except instead of de- 
iomzed water, etching chemical is used. As a result, the wet etching 
process enjoys the same benefits as described above with the cleaning 
process. 

C. DIFFUSION 

Conventionally, the maximum temperature for diffusion of 
impurities into a wafer is limited to about 1200°C because of the 
tendency of the wafer to warp. As a result, impurity diffusion takes tens 
of hours to complete. In contrast, because of the spherical shape of the 
ball 700, warpage is less of a concern, the diffusion temperature can be 
significantly higher and the processing speed becomes much quicker. 

Referring to Fig. 9, a descending-type diffusion furnace 900 
performs a diffusion process on the bail 700. The diffusion furnace 900 
includes a furnace compartment 902, a supporting stand 904, a landing 
table 906 and a plurality of pipes including gas pipes 908, 910, an 
exhaust pipe 912, and material conveyance pipes 914, 916. Attached to 
the furnace compartment 902 are pre-heaters 918, ultra-high 
temperature heaters 920, and low temperature heaters 922, thereby 
forming a preheat zone 924, an ultra-high temperature zone 926, and a 
low temperature zone 928, respectively. The ultra-high temperature 
zone 920 may alternatively, or additionally, be heated by other methods 
including high-frequency heating, laser beam heating or plasma heating. 
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In operation, the ball 700 enters the diffusion furnace 900 through 
the product inlet pipe 914. The ball 700 first moves through the preheat 
zone 924, which has a temperature below the melting point of silicon. 
The ball 700 then descends through an opening 930 into the ultra-high 
5 temperature zone 926, which has a temperature far above the melting 

point of silicon. The ultra-high temperature zone 926 is filled with gas 
(not shown) containing impurities, which is piped in from gas pipes 908, 
910. As the ball 700 passes through the ultra-high temperature zone 
926, it diffuses instantly by having its surface melt and diffuse with the 
10 impurities in the gas. The gas also reduces the rate of descent of the 

falling ball 700. The ball 700 then enters the low temperature zone 928 
where its surface re-crystallizes and the rate of descent is greatly 
reduced until it lands on the table 906. 

D. OXIDATION 

15 Conventional oxidation of silicon wafers has several problems. For 

one, oxidation is t3 r pically done to many wafers at a time. As a result, 
the oxidation film from wafer to wafer, as well as the film on each wafer, 
is subject to variability. In addition, oxidation takes a long time due to 
the warping tendencies discussed above with reference to diffusion. In 

20 contrast, the above described diffusion furnace 900 (Fig. 9) may also be 

used to perform the oxidation process. The operation for oxidation is the 
same as for diffusion, except instead of impurity laden gas, oxygen is 
used. As a result, the oxidation process enjoys the same benefits as 
described above with reference to the diffusion process. In addition, the 

25 ball 700 remains in a hermetically sealed environment, and therefore is 

less likely to become contaminated. 
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E. SPUTTERING, DEPOSITION AND DRY ETCHING 
Referring to Fig. 10, a descending-type plasma device 1000 
performs a process for sputtering of metals, deposition of various films, 
and a dry etching, collectively referred to as a plasma process, on the ball 
5 700. The plasma device 1000 includes a processing pipe 1002 with a 

product inlet 1004, a product outlet 1006, a gas inlet 1008, and a gas 
outlet 1010. The gas inlet 1008 forms a product guide 1012 and a 
product soft-landing pipe 1014 having a plurality of apertures for gas 
(not shown) to flow through. The plasma device 1000 also includes 

10 positive and negative electrodes 1016, 1018, respectively, a radio 

frequency ("RF") power supply 1020 and a main power supply 1022. The 
electrodes 1016, 1018 line the interior of the pipe 1002 and thereby form 
an plasma zone 1024. It is understood, however, that the electrodes 
1016, 1018 may also represent metal plates or radio-frequency coils 

15 placed on the exterior of the pipe 1002. Furthermore, the plasma device 

1000 includes a preheater 1026 which defines a preheat zone 1028. 

In operation, the ball 700 enters the product inlet 1004 and begins 
to descend towards the product outlet 1006. The ball 700 first enters the 
preheat zone 1028. The bail then descends into the plasma zone 1024 

20 and is processed and treated as it moves therethrough. Gas is injected 

from the pipe 1008 through apertures 1030 for processing the ball 700 
and for controlling the ball's rate of descent. It is understood that 
different gases, RF frequency, and power are utilized for different 
processes in a manner well understood in the art. 

25 F. COATING 

Coating is used for several processes. For one, coating is used for 
applying photo resist. Also, coating is used to apply a colored paint for 
protecting and labeling the finished ball. 

Referring to Fig. 11, a descending-type coating device 1100 
30 performs a coating process on the ball 700. The coating device 1100 

includes a processing pipe 1102 with a product inlet 1104, a product 
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outlet 1106, a gas inlet 1108, and a gas outlet 1110. The gas inlet 1108 
also forms a product guide 1112 and a product soft-landing pipe 1114 
having a plurality of apertures 1115 for gas to flow through. The 
coating device 1100 also includes preheater coils 1116, heater coils 1118, 
5 and sprayers 1120, 1122, 1124, 1126. The coils 1116, 1118 line the 

exterior of the pipe 1102 and thereby form a preheat zone 1128 and a 
drying zone 1130, respectively. The sprayers 1120, 1122, 1124, 1126 are 
accessible to the interior of the pipe 1102 and thereby form a coating 
zone 1132. 

10 ^ operation, the ball 700 enters the product inlet 1104 and begins 

to descend towards the product outlet 1106. The ball 700 first enters the 
preheat zone 1128. The ball 700 then descends into the coating zone 
1132. The sprayers eject a fine haze of coating material on the ball 700. 
The ball 700 then enters the drying zone 1130. Gas, injected through the 
15 pipe 1108, facilitates drying as well as controls the rate of descent of the 

ball 700. The ball then enters the soft-landing pipe 1114 where the 
apertures 1115 direct the gas against the ball. Furthermore, the gas 
forces the haze of coating material back up towards the exhaust pipe 
1110. The gas from the apertures 1134 can also spin the bail 700 to 
20 better facilitate coating and drying. 

Referring to Fig. 12, a descending-type gas-coating device 1200 
also performs a coating process on the ball 700. The coating device 1200 
includes a processing pipe 1202 with a product inlet 1204, a product 
outlet 1206, a gas inlet 1208, and a gas outlet 1210. The gas inlet 1208 
25 also forms a product guide 1212 and a product soft-landing pipe 1214 

having a plurality of apertures 1215 for gas to flow through. The 
coating device 1200 also includes preheater coils 1216, heater coils 1218, 
and gas sprayers 1220, 1222, 1224, 1226. The coils 1216, 1218 line the 
exterior of the pipe 1202 and thereby form a preheat zone 1228 and a 
drying zone 1230, respectively. The gas sprayers 1220, 1222, 1224, 1226 
are accessible to the interior of the pipe 1202 and thereby form a 
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polymerization zone 1232. The coating device 1200 also includes a RF 
power supply 1230 and a main power supply 1232. 

In operation, the ball 700 enters the product inlet 1204 and begins 
to descend towards the product outlet 1206. The ball 700 first enters the 
preheat zone 1228. The ball 700 then descends into the polymerization 
zone 1232. The sprayers 1220 and 1226 eject a first monomer gas and 
the sprayers 1222 and 1224 eject a second monomer gas. The first and 
second monomer gases combine to form a photo sensitive polymer gas 
such as poly-methyl-meta-acrylate (not shown). Reaction in the 
polymerization zone 1232 is facilitated by the heating energy from the 
RF power supply 1230 and the main power supply 1232. As a result, a 
very thin photo-sensitive film can be attained on the ball 700 without 
using any liquid-form photo resist. The ball 700 then enters the soft- 
landing pipe 1214 where the apertures 1215 direct inert gas against the 
15 ball. The inert gas also forces the polymer gas up towards the exhaust 

pipe 1210. 

G. PHOTO EXPOSURE 

Conventionally, wafers are placed on a flat surface where they 
receive photo processing to place circuit configurations on a top surface of 
the wafer. In contrast, the ball 700 receives photo processing across 
almost its entire surface. As a result, a larger surface area is available 
to receive the circuit configurations. For example, considering three 
structures: a square device, a round disk device, and a spherical device, 
each having a same radius V, it is readily apparent that the surface 
25 area of each device is defined as 4r 2 , Trr 2 , and 4:tr\ respectively. 

Therefore, the spherical device has the greatest surface area available to 
support the circuit configurations. 

There are several methods for performing photo exposure onto the 
ball 700, including a fixed-type, a reflecting- type, a descending-type and 
30 an ascending-type exposure system. 



20 



- 19 - 



10 



WO 98/25090 PCT/TJS97/ 14922 

Referring to Fig. 13, some photo exposure methods utilize a 
spherical shaped mask 1300. The mask 1300 includes a transparent 
spherical surface 1302 having a top opening 1304 and a bottom opening 
1306. Once a layout drawing of the circuit configuration (not shown) has 
been prepared, using conventional layout techniques although slightly 
modified to support the spherical surface 1302, the layout drawings are 
applied to the spherical surface using conventional techniques such as 
electron beam, x-ray, spherical surface plotter, or laser beam. The layout 
drawings may be applied to either the inside or outside of the surface 
1302, and the surface may also be cut in half to facilitate such 
application. 

Referring to Fig. 14, some photo exposure methods also utilize a 
slit drum 1400. The slit drum 1400 includes an opaque spherical surface 
1402 having a top opening 1404, a bottom opening 1406, and a slit 
15 opening 1408. 

Referring to Figs. 13 - 15, a fixed-type exposure system 1500 
performs photo exposure onto the ball 700. The exposure system 1500 
fixes the mask 1300 in a stationary position. Surrounding the mask 
1300 is the slit drum 1400 and surrounding the slit drum is a light 

20 system 1502. The light system 1502 is capable of projecting light across 

the entire slit drum 1400. The light system 1502 includes a top opening 
1504 which aligns with the top openings 1304, 1404 of the mask and 
drum, respectively, and a bottom opening 1506 which aligns with the 
bottom openings 1306, 1406 of the mask and drum, respectively. The 

25 ball 700 is positioned at the center of the mask 1300 by a support stand 

1508. 

In operation, the light system 1502 radiates light through the slit 
opening 1408, through a corresponding portion of the mask 1300, and 
onto a corresponding portion of the ball 700. The masked light then 
reacts with photo-resist on the ball 700 to form the desired circuit 
configurations. The slit drum 1400 then rotates, thereby exposing the 
entire surface of the ball 700 to the mask 1300. Alternatively, the slit 
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drum 1400 may be located inside the mask 1300, or may not be used at 
all. 

Referring also to Fig. 16, the support stand 1508 has three support 
prongs 1600, 1602, 1604. The support prongs 1600, 1602, 1604 meet 
5 with alignment marks 1606, 1608, 1610, respectively, on the ball 700. 

The alignment marks 1606, 1608, 1610 are not equally spaced apart so 
that only one configuration of the ball 700 allows the marks to correctly 
join with the support prongs 1600, 1602, 1604. As a result, the ball 700 
can be placed in a predetermined position for photo processing. 

10 The alignment marks 1606, 1608, 1610 can be made a number of 

ways. For one, the alignment marks 1606, 1608, 1610 can be formed as 
indentations by a separate process (not shown). For another, the 
alignment marks 1606, 1608, 1610 can be randomly selected for the first 
photo processing operation since initially it may be unimportant as to the 

15 location of the alignment marks. The first photo processing operation 

wall then define the alignment marks for subsequent operations. 

Once the support prongs 1600, 1602, 1604 contact with the 
alignment marks 1606, 1608, 1610, respectively, the weight of the ball 
700 secures the ball to the prongs. In addition, the support prongs 1600, 

20 1602, 1604 may be further secured with the alignment marks 1606, 1608, 

1610 by vacuum suction. In either case, the support stand 1508 is used 
to place the ball at the central point of the mask 1300 during processing. 
Although not shown, the support stand 1508 can also support the ball 
700 while it is being coated with photo resist. 

25 Referring to Fig. 17, the reference numeral 1700 designates a 

system for placing the ball 700 onto the support stand 1508. One or 
more balls 700 are first placed in a vibration chamber 1702. The 
vibration chamber 1702 uses an air pipe 1704 to vibrate and rotate one 
of the balls 700 until the alignment marks 1606, 1608, 1610 are in a 

30 position to join with the support prongs 1600, 1602, 1604. Such 

determination can be made by a camera 1706. Once the alignment 
marks 1606, 1608, 1610 are in position, the support stand 1508 moves to 
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join the support prongs with the alignment marks. The stand 1508 then 
carries the ball 700 to the fixed-type exposure system 1500. 

Referring to Fig. 18, the reference numeral 1800 designates 
another system used for placing the ball 700 onto the support stand 
1508. The placement system 1800 includes two pivotal arm systems 
1802, 1804, two conveyor systems 1806, 1808, a photo alignment system 
1810, and a computing device 1812. 

Referring also to Fig. 19, in operation, the ball 700 enters the 
placement system 1800 on the conveyor 1806. The conveyor 1806 has 
several rubber cups 1900 on which the ball 700 may ride. In addition, 
the rubber cups 1900 have several vacuum ports 1902 to secure the ball 
700 thereto. 

Referring also to Fig. 20, the first pivotal arm 1802 removes the 
ball 700 from the conveyor 1806. The first pivotal arm 1802 contains a 
15 controllable positioning system 2000, a vertical arm 2002, a horizontal 

arm 2004, and a positioner 2006. The positioning system 2000 is 
controlled by the computer 1812, as discussed in greater detail below. 
The positioning system 2000 rotates the vertical arm 2002 about a 
longitudinal axis 2008 as well as raises and lowers the vertical arm in a 
20 horizontal direction 2010. The horizontal arm 2004 is fixed to the 

vertical arm 2002. Both arms 2002, 2004 include vacuum and control 
lines for use by the positioner 2006. The positioner can move in many 
different directions 2012, and includes a vacuum cup 2014 for selectively 
engaging and disengaging with the ball 700. 
25 Referring also to Fig. 18, the computer 1812 instructs the first 

pivotal arm 1802 to remove the ball 700 from the conveyor 1806 and 
place it in front of the photo alignment system 1810. The photo 
alignment system 1810 communicates with the computer 1812 to find the 
alignment marks 1606, 1608, 1610 (Fig. 16). The computer 1812 then 
adjusts the position of the ball 700 by manipulating the first positioner 
2006 to a desired position. If the desired position is attained, as 
determined by the photo alignment system 1810, the first pivotal arm 
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1802 rotates to place the ball 700 to be accessed by the second pivotal 
arm 1804. If the desired position can not be attained, the first pivotal 
arm 1802 rotates to place the ball 700 on the second conveyor 1808. The 
second conveyor 1808 then returns the ball 700 to the first conveyor 

1806. 

Referring to Figs. 18 and 21, the support stand 1508 is placed in 
and controlled by a pneumatic device 2100 of the second pivotal arm 
1804. The pneumatic device 2100, which is used to raise and lower the 
support stand 1508, is also attached to a gear system 2102, all of which 
are controlled by the computer 1812. The second pivotal arm 1804 
rotates about a longitudinal axis 2104 to place the ball in one of three 
positions PI, P2, P3. In position PI, the pneumatic device 2100 raises 
the support stand to engage with the ball 700 at the appropriate 
alignment marks. The pneumatic device 2100 then lowers the support 
15 stand 1508. In position P2, the pneumatic device 2100 is in position for 

the photo system 1500. The pneumatic device 2100 then raises the 
support stand 1508 to position the ball 700 for photo processing, as 
described above. Once complete, the support stand 1508 lowers, the 
second pivotal arm 1804 rotates to the position P3, and the gear system 
20 2102 causes the ball 700 to be off-loaded for the next process step. 

Referring to Fig. 22, alternatively, a reflecting- type exposure 
system 2200 may perform photo exposure onto the ball 700. The 
reflecting-type exposure system uses a flat mask 2202, two lenses 2204, 
2206, and two mirrors 2208, 2210. In operation, a light source 2212 
25 emits light through the flat, quartz reticle, mask 2202. A circuit drawn 

on the mask 2202 is then projected toward the ball 700. A first portion 
2214 of the circuit is projected through the lenses 2204, reflected off the 
mirror 2210 and onto one face of the ball 700. A second portion 2216 of 
the circuit drawing is reflected off the mirror 2208, projected through the 
lenses 2206, and onto a second portion of the ball 700. As a result, a 
spherical circuit can be produced from a flat mask 2202. 
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Referring to Figs. 13 and 23, in another alternative embodiment, a 
descending-type exposure system 2300 may perform photo exposure onto 
the ball 700. The descending-type exposure system 2300 requires the 
three alignment marks 1606, 1608, 1610 (Fig. 16), but does not affix the 
ball onto the support stand 1508. In addition, the descending- type 
exposure system 2300 does not use the slit drum 1400 (Fig. 14). Instead, 
the descending-type exposure system 2300 includes several high speed, 
high resolution cameras such as cameras 2302, 2304, 2306 located above 
the opening 1304 of the mask 1300. As the ball 700 falls past points 
2308, 2310, 2312, the cameras 2302, 2304, 2306 report the position of the 
ball 700, and its orientation, to a computing device 2314. The computing 
device then predicts when the ball 700 will reach the central point of the 
mask 1300 and activates the photo system 1502 at the exact right time. 
In addition, the computing device 2314 also instructs a positioning device 
15 (not shown) to rotate and move the mask 1300 to accommodate the 

orientation of the ball 700. 

Although not shown, additional embodiments are inherent from 
the above mentioned embodiments. For example, an ascending-type 
exposure system is similar to the descending-type except that a forced 
20 gas causes the ball 700 to move upward past several lower-mounted 

cameras, to the central point of the mask 1300, and out the opening 
1304. In addition, a second fixed-type exposure system behaves similarly 
to the exposure system of Fig. 15 except that the support stand 1508, 
utilizing vacuum suction, enters the mask 1300 from the top opening 
25 1304 for exposure, and then releases it to exit through the bottom 

opening 1306. 

H. COATING AND LEADS 

Referring to Fig. 24, the ball 700 is coated with a protective paint 
2500. The paint 2500 is also colored for the purpose of product 
30 distinction. Once the paint 2500 has been applied, leads 2502 are added 

to the ball 700. The leads can be applied by removing the colored paint 
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2500 from pads (not shown) on the ball, or the pads can be protected 
during the paint process to prevent any paint from being applied thereto. 
Solder balls, or reflow solder, are then physically and electrically 
attached to the pads. The solder balls serve as leads for connecting the 
ball to other devices, as discussed in greater detail below. 

III. CLUSTERING ONE OR MORE BALLS. 

Referring to Fig. 25, several different balls 2500, 2502, 2504, 2506, 
2508, 2510, 2512 are shown. As a finished product, the balls 2500-2512 
have solder bumps arranged at predefined intervals throughout their 
surface. As a result, the balls 2500-2508 can be easily mounted to a 
circuit board 2514, a bottom portion of each ball resting directly on the 
circuit board. The bail 2500 has solder bumps 2516 arranged in a 
relatively small circle so that the ball 2500 can be mounted to the flat 
circuit board 2514. The balls 2502, 2504 each have a first set of solder 
bumps 2518, 2520, respectively, for mounting to the circuit board 2514 
and a second set of solder bumps 2522, 2524, respectively, for connecting 
to each other. The ball 2506 has many solder bumps 2526. To 
electrically connect each soider bump 2526 to the circuit board 2514, the 
ball 2506 is placed into a socket 2528. The socket 2528 has pads 2530 
that align with the solder bumps 2526 and electrical connections 2532 on 
a bottom surface for connecting the pads to the circuit board 2514. The 
ball 2508 has solder bumps 2534, 2536; the ball 2510 has solder bumps 
2538, 2540; and the ball 2512 has solder bumps 2542 so that the balls 
may connect to the board and to each other, as shown. 

Referring to Fig. 26, multiple balls, designated generally by 
referenced numeral 2600, are clustered together and to a circuit board 
2602. Several advantages are obtained from the clustering. By 
clustering the balls 2600 in different directions based on structural 
designing, they form a very large scale integrated ("VLSI") circuit which 
may be assembled onto very complicated surfaces. For example, the 
VLSI circuit 2600 may be constructed mside a pipe or on an uneven 
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surface. In addition, the distance between the balls is greatly reduced, 
thereby enhancing the overall operation of the VLSI circuit 2600. 

IV. DISCRETE COMPONENTS. 

By using a spherical single crystal as a base material for 
5 manufacturing, spherical discrete semiconductor devices can be made. 

Examples of such discrete semiconductor devices includes registers, 
capacitors, inductors, and transistors. 

For example, in conventional chip manufacturing, it is impossible 
to add any significant inductance to the chip. Although coils can be 
10 made on the chip, very little material can be located between the coils 

due to the relatively flat nature of the chip. As a result, the linkage for 
the inductor is very low. In contrast, the ball can be manufactured to a 
specific inductance in several ways. For one, simple spherical inductance 
is made by processing metal paths, or coils, around the ball. Because the 
15 core of the ball provides a significant amount of material between the 

coils, the linkage for the inductor can be significant. Furthermore, 
additional inductors can be added by adding additional metal layers. 

Utilizing such inductance, several balls can be clustered to create a 
semiconductor antenna for sending and receiving radio frequency signals. 
20 In addition, an inductor-resistor oscillator can be easily produced. 

V. CONCLUSION 

The above described manufacturing system provides many 
advantages over conventional wafer and chip manufacturing and 
processes in addition to those stated above. 
25 One advantage is that the entire process is extremely clean, and 

suffers little product loss due to contamination. Furthermore, most of 
the equipment can be hermetically sealed and interconnected by using a 
continuous pipe or tube. As a result, no clean room is required and there 
is no handling of the silicon product. 
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Another advantage is that most of the equipment can be 
interconnected by using a continuous pipe or tube. The use of pipes 
readily facilitates efficient "pipeline production", thereby reducing cycle 
time. Furthermore, individual crystal spheres are round and light, and 
can therefore easily float on a bed of liquids, also improving the 
production efficiency. 

Another advantage is that no conventional packaging is required 
because the form is spherical and therefore no edges exist which are 
subject to breakage. 

Another advantage is the low cost in constructing the polycrystal 
and single crystal when producing a spherical crystal. 

Another advantage is the low cost in the diffusion, oxidation and 
other fabrication processes. 

Another advantage is that manufacturing polycrystal and a single 
15 crystal can be extremely simplified and the yield for the single crystal is 

dramatically improved. 

Another advantage is that the oxygen content in a single crystal 
is very low. 

Another advantage is that there is no significant yield decrease 
20 due to warpage or varying wafer thickness as in conventional chip 

processing. 

Another advantage is that clustering enables multi-layer metal 
wiring, multi-active layers, unique layout configurations for a VLSI 
circuit. Also, the necessity for multi-layer printed circuit board is 
25 reduced. 

Another advantage is that conventional packaging activities, such 
as sawing, mounting, wire bonding, and molding, becomes unnecessary. 

Another advantage is that compared to the area on a printed 
circuit board required by conventional chips, the ball requires much less 
30 area. 

Another advantage is that machinery for production remains 
relatively small. 
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Although illustrative embodiments of the present invention have 
been shown and described, a latitude of modification, change and 
substitution is intended in the foregoing disclosure, and in certain 
instances, some features of the invention will be employed without a 
corresponding use of other features. For example, additional or 
alternative processes and other ball configurations may be added without 
altering the scope of the invention. Accordingly, it is appropriate that 
the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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WHAT IS CLAIMED IS 

1 1. An integrated circuit comprising a semiconductive material formed 

into a substantially spherical shape and at least one electrical circuit 

3 disposed on the outer surface of the material. 

1 2. The integrated circuit of claim 1 wherein the at least one electrical 

2 circuit is fabricated onto the semiconductor material. 

1 3. The integrated circuit of claim 2 wherein the at least one electrical 

2 circuit includes a plurality of transistors and the semiconductive material 

3 provides a well for the transistor. 

3 4 - A process for making a spherical shaped integrated circuit 

2 comprising the steps of making a substantially spherical shaped 

3 semiconductor crystal and fabricating an integrated circuit onto the 

4 crystal. 

1 5 - Tne process of claim 4 wherein the step of making a substantially 

2 spherical shaped semiconductor crystal includes: 

producing a granular polycrystal; 
4 producing a single granular crystal from the granular polycrystal; 

fj forming the single granular crystal into a spherical shape; and 

6 epitaxially growing the spherical shaped single crystal. 

1 6 Tn e process of claim 4 wherein the step of fabricating utilizes 

2 multiple processes includes: 

3 a cleaning process; 

4 a wet etching process; 

5 a diffusion process; 
an oxidation process; 

7 a plasma process; 
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S a coating process; and 

9 a photo exposure process. 

V 1 7. A spherical shaped integrated circuit made by a process 

2 comprising the steps of making a substantially spherical shaped 

* 3 semiconductor crystal and fabricating an integrated circuit onto the 

4 crystal. 

1 8. The spherical shaped integrated circuit of claim 7 wherein the step 

2 of fabricating utilizes multiple processes includes: 

3 a cleaning process; 

4 a wet etching process; 

5 a diffusion process; 

6 an oxidation process; 

7 a plasma process; 

8 a coating process; and 

9 a photo exposure process. 

1 9. The spherical shaped integrated circuit of claim 7 wherein the step 

2 of making a substantially spherical shaped semiconductor crystal 

3 includes: 

4 producing a granular polycrystal; 

5 producing a single granular crystal from the granular polycrystal; 

6 forming the single granular crystal into a spherical shape; and 



7 epitaxially growing the spherical shaped single crystal. 

1 10- An integrated circuit manufactured by processing a substantially 

2 spherical shaped semiconductor surface. 

1 11. An integrated circuit comprising: 

2 a substantially spherical shaped semiconductor crystal core; 
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a plurality of circuits processed onto an outer surface of the 
semiconductor crystal core, at least one of the circuits being an inductor 
formed by wrapping a conductor around the semiconductor crystal core. 

12. A VLSI circuit comprised of a plurality of smaller integrated 
circuits each integrated circuit comprising a semiconductive material 
formed into a substantially spherical shape, at least one electrical circuit 
disposed on the outer surface of the material, and at least one lead for 
electrically connecting to another of the integrated circuits. 

13. The VLSI circuit of claim 12 further comprising one or more 
discrete circuits, each discrete circuit comprising a semiconductive 
material formed into a substantially spherical shape. 

14. A furnace for fabricating poiycrystal material comprising: 
an inlet pipe for receiving seed material; 

a fluid bed reactor for receiving the seed material and growing it 
into the poiycrystal material; and 

an outlet pipe for expelling the poiycrystal material. 

15. A descending furnace for processing a spherical shaped 
semiconductor single crystal, the furnace comprising a heater section 
wherein the temperature of the heater section exceeds the melting point 
of the semiconductor single crystal material, a product inlet, and a 
product outlet. 

16. An ascending furnace for processing a spherical shaped 
semiconductor single crystal, the furnace comprising a heater section 
wherein the temperature of the heater section exceeds the melting point 
of the semiconductor material, a product inlet, and a product outlet. 
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1 17. A spiral furnace for processing a spherical shaped semiconductor 

2 single crystal, the furnace comprising a heater section wherein the 

3 temperature of the heater section exceeds the melting point of the 

4 semiconductor material, a product inlet, and a product outlet. 

1 18. A movement furnace for processing a spherical shaped 

2 semiconductor single crystal, the furnace comprising a heater section 

3 wherein the temperature of the heater section exceeds the melting point 

4 of the semiconductor material, a product inlet, and a product outlet. 

1 19. A system for making semiconductor granules from semiconductor 

2 powder, the system comprising: 

a fluid bed reactor for converting the powder into the granules; 

4 a weight sorter for receiving the granules from the fluid bed 

5 reactor; 

6 a return pipe for returning the granules from the weight sorter 

7 that are not of a predetermined weight to the fluid bed reactor. 

1 20. A system for epitaxially growing a semiconductor sphere 

2 comprising: 

3 a first pipe having a plurality of apertures; 

4 a second pipe coaxial with the first pipe for supplying a carrier 

5 liquid; 

(S a heater for creating a high-temperature zone; 

7 wherein the semiconductor sphere moves in the first pipe through 

8 the high temperature zone while floating on the carrier liquid, the carrier 

9 liquid flowing from the second pipe through the apertures of the first 
10 pipe. 

1 21. The system of claim 20 wherein the first and second pipes are 

2 spiral shaped. 
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1 22. A wafting treatment device for processing spherical shaped 

2 semiconductor material, the device comprising a product inlet, a product 

3 outlet, a fluid inlet, and a fluid outlet, and wherein a fluid flowing 

4 between the fluid inlet and the fluid outlet processes the semiconductor 

5 material moving between the product inlet and the product outlet. 

L 23. The wafting treatment device of claim 22 wherein the fluid and 

2 semiconductor material move in the same direction. 

1 24. The wafting treatment device of claim 22 wherein the fluid and 

2 semiconductor material move in opposite directions. 

1 25. The wafting treatment device of claim 22 further comprising 

2 positive and negative electrodes between the product inlet and product 

3 outlet for supporting a plasma process. 

1 26. The wafting treatment device of claim 22 further comprising 

2 sprayers between the product inlet and product outlet for supporting a 

3 coating process. 

1 27 - A wafting device for processing a semiconductor granule, the 

2 method comprising a pipe in which the semiconductor granule moves 

3 through during processing, wherein the pipe is filled either with a 

4 vacuum or a liquid. 

1 28. The wafting device of claim 27 further comprising heaters for 

2 heating the semiconductor granule at or above the melting point of the 

3 granule. 

1 29. The wafting device of claim 28 wherein the semiconductor granule 

2 enters the wafting device as a polycrystal and exits the device as a single 

3 crystal. 
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30. A photo exposure system for processing spherical shaped 
semiconductor material, the system comprising a hollow, spherical 
shaped mask with a circuit laid out thereon and a light source outside of 
the mask such that when the semiconductor material and the mask are 
concentric, the light source exposes the circuit onto the semiconductor 



31. The photo exposure system of claim 30 wherein the semiconductor 
material is supported at the central point of the mask. 

32. The photo exposure system of claim 30 wherein the semiconductor 
material moves through the central point of the mask. 

33. A system for polishing a spherical shaped semiconductor 
comprising: 

an outer pipe having an inside diameter; 

an inner pipe coaxial with the outer pipe, the inner pipe having a 
first, second and third section wherein the first section has a first outside 
diameter, the second section has a second outside diameter greater than 
the first diameter, and the third section connects the first and second 
sections and has a third outside diameter that varies from the first 
diameter to the second diameter; 

wherein the inside diameter of the outer pipe is less than the 
second outside diameter of the inner pipe; 

wherein, when the inner pipe rotates about the axis, with respect 
to the outer pipe, the spherical shaped semiconductor is polished. 

34. A processing system for semiconductor integrated circuits 
comprising a pipe for moving the semiconductor integrated circuits from 
one step to another. 



material. 
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1 35. The processing S3^stem of claim 34 wherein the pipe is filled with 

2 either a vacuum or a liquid. 



I 36. A system for processing a semiconductor sphere, the system 
comprising: 

3 a process pipe; 

4 a fluid inlet connected to one end of the process pipe; 

5 a fluid outlet connected to the end of the process pipe opposite the 

6 fluid inlet; 

7 a product inlet connected to one end of the process pipe; 

8 a product outlet connected to the end of the process pipe opposite 

9 the product inlet. 



1 37. The system of claim 36 wherein a fluid flowing from the fluid inlet 

2 is applied to the semiconductor sphere in the process pipe. 

1 38. The system of claim 37 wherein the fluid inlet is connected to the 

2 end of the process pipe opposite the product inlet. 

1 39. The system of claim 37 wherein the fluid is de-ionized water. 

1 40. The system of claim 37 wherein the fluid is an etching fluid. 

1 41. The system of claim 37 wherein gravity moves the semiconductor 

2 sphere through the process pipe. 

1 42. The system of claim 37 wherein the fluid moves the semiconductor 

2 sphere through the process pipe. 

1 43. The system of claim 36 further comprising: 

2 a pair of electrodes connected to the process pipe; 

3 an electric power source connected to the electrodes; 
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wherein the electrodes cause a fluid flowing from the fluid inlet to 
react with the semiconductor sphere. 

44. The system of claim 36 further comprising: 

sprayers connected to the process pipe for spraying a processing 
material onto the semiconductor sphere as it moves through the process 
pipe. 



2 

* 3 

4 



- 36 - 



WO 98/25090 PCT/US97/14922 

1/15 



100 



110- 
120- 

130- 



CRYSTAL FORMATION 



BALL IC FABRICATION 



CLUSTERING 

Fig. 1 




WO 98/25090 PCT/US97/14922 

2/15 



Y 



♦ 




WO 98/25090 



PCT/US97/14922 



5/15 



702 
> 712 



704 



706 



710 



714^\o 



♦ ! * 



•700 



716 



708 



7 



810 



812- 



802 



808 



800 



806 



-700 



•814 



804 



Fig-. 8 




WO 98/25090 



PCT/US97/14922 



6/15 



1010 1000 Fig. 10 

V- 1026 1004 



mo iioo Fig. 11 

\ N — 1116 1104 




1212 



WO 98/25090 



PCT/US97/14922 



7/15 




Fig. 15 




1506 



WO 98/25090 



PCTYUS97/14922 



8/15 




1700 Fig. 17 





1812 




WO 98/25090 PCT/US9 7/1 4922 

13/15 




INTERNATIONAL SEARCH REPORT 



I 

V 



ft- 



International application No. 
PCT/US97/I4922 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :F27B 15/00; C21D 9/00; C30B 30/00; H01L 21/00, 25/00, 27/00 
US CL :257/531, 618, 627; 373/71, 74, 77, 110-137; 438/478-509 
According to International Patent CUaiification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by c lass ificat ion symbols) 
U.S. : 257/531. 618, 627; 373/71, 74, 77, 110-137; 438/478-509 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 
foreign documents located in the above Claascs/ Subclasses 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Please See Extra Sheet. 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



X 



Citation of document, with indication, where appropriate, of the relevant passages 



US 4,879,466 A (KITAGUCHI ET AL) 07 November 1989 
(07.11.89), entire documents. 

US 5,028,546 A (HOTCHKISS) 02 July 1991 (02.07.91), entire 
document 

US 4,806,495 A (LEVINE et al.) 21 February 1989 (21.02.89), 
entire document 

US 4,136,436 A (KILBY ET AL) 30 January 1979 (30.01.79), 
entire document 

US 5,081,519 A (NISHIMURA) 14 January 1992 (14.01.92), entire 
document 

US 4,173,494 A (JOHNSON ET AL) 06 November 1979 
(06. 1 1 .79), entire document 



[ x| Further documents are listed in the continuation of Box C. | j See patent family annex. 



Relevant to claim No. 



1-11 



1-13 



1-13 



1-13 



1-11 



1-13 



Special c tie gone* of cited documents. 

V document defining the general state of the art which is not considered 

to be of particular relevance 

E* earlier document published on or after the international filing dice 

L* document which rosy throw doubts on priority claim(s) or which is 

cited to establish the publication data of another citauon or other 
special reason (as ipeoiHed) 

document referring to an oral disclosure, use. exhibition or other 
means 

P* document published prior to the international Tiling dele but later then 
the priority date claimed 



later document published after the international filing date or priority 
data and rvot in conflict with the application but cited to understand 
the principle or iheory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance, the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled m the art 

document member of the ieme petent family 



Date of ihe actual completion of the international search 
28 NOVEMBER 1997 



Name and maijing address of the ISA/US 
Commissioner of Patents and Trademarks 

Box PCT 

Washington, D C. 20231 
Facsimile No. (703) 305-3230 



Date of mailing of the international search report 

%. z dec mi 



Authorized officer 



telephone No/ (703) 308-4092 



t ^bavid Harder'' 



Form PCT/ISA/210 (second sheet)(July 1992)* 





• 


• 






INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US97/ 14922 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passage* 


Relevant to claim No. 


X 


US 3,593 191 A (HENKER) 13 Julv 1971 (13 07 7H entire 
document 


1 11 
1-11 


X 


US 4,100,422 A (THILL AYS) 11 Julv 1978 Ml 07 7JH enrirp 
document 


1 1 1 


X 


US 4 094 751 A (NOZIK) 11 Jiinp> 1 Q7R fll f»£ 75n *>ntir» 
-T^v^T,/^! ^ v ^ v7*jirv ^ i j juiic i7 ro j.uo. f oj } entire 

document 


1-11 


X 


US 4 126 812 A (WAKEFIELD) 21 Nfivpmh<»r 1 Q7R O 1 ?? 7SH 

entire document 


1 l i 
1-11 


X 


US 4 152 712 A (MYERS) 01 Mav 1979 (0\ OS 7Q\ <*ntir#» 
document 


i n 
i-n 


X 


US 5 457 333 A (FUKTJI) 10 October no in ^ntir#* 
document 


1 7 1 
1-11 


X 


US 5,086,003 A (HAMMERBACHER) 04 February 1992 
(04.02.92), entire document 




X 


US 5,278,097 A (HOTCHKISS ET AL) 11 January 1994 
(11.01.94), entire document 


4-29 


X 


US 5,431,127 A (STEVENS ET AL) 11 Julv 1995 (1 1 06 95) 
entire document 


4 90 


X 


US 5,358,603 A (IBRAHIM ET AL) 25 October 1994 f2<5 10 94^ 
entire document 


4-70 


X 


US 3,998,659 A (WAKEFIELD) 21 December 1976 (21.12.76), 
entire document 


4-29 


X 


US 5,382,412 A (KIM ET AL) 17 January 1995 (17.01.95), entire 
document 


4-29 


X 


US 5,405,658 A (IBRAHIM ET AL) 11 April 1995 (1 1 04.95), 
entire document 


4-29 


X 


US 4,548,658 A (COOK) 22 October 1985 (22.10.85), entire 
document 


4-29 


A 


US 5,659,184 A (TOKUNAGA ET AL) 19 August 1997 
(19.08.97), entire document 


1-11 


-A-tP 


US 5,588,993 A (HOLDER) 3 1 December 1996 (31.12. 


96), entire * 


■4-S-9 



Form PCT/IS^2^^^^anuatjoii of second sheet)(July 1992)* 



# 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/14922 



x I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This intxrmationaJ report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 



□ 



□ 



Claims Not.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



fx] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims 



2- As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3 LZI As onIy somc of **** rc< \ UiTC<i additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4 | | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| X| No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation nf first shcci( i miuiy 1992)* 





INTERNATIONAL SEARCH REPORT 



International application No. 



PCT/US97/14922 



B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 

APS: sphere, surface, hemisphere, circuit, substrate, semiconductor, granule, polycrystal, decending, ascending, spiral, 
movement, furnace, fluid bed, weight sorter, photo exposure, polish, 

BOX II OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 



This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search 
fees must be paid. 

Group I, claims 1-3, drawn to an IC comprising a spherically shaped semiconductor material with at least one 
electrical circuit disposed on an outer surface thereof. H01L 29/06 

Group II, claims 4-9, drawn to a process for making a crystalline, spherical shaped IC. H01L 21/34; C30B 

29/60 

Group III, claim 10, drawn to an IC manufactured by processing a spherical shaped semiconductor surface. 
C30B 33/06 

Group IV, claim 1 1 , drawn to an IC comprising a spherical shaped semiconductor crystal core having circuits 
processed on an outer surface thereof, wherein at least one circuit is an inductor. H01L 29/06 

Group V, claims 12-13, drawn to a VLSI circuit comprised of smaller ICs each comprising a spherical shaped 
scmiconductive material having at least one electrical circuit disposed on an outer surface. H01L 27/00 

Group VI, claim 14, drawn to a furnace for fabricating polycrystal material. F27B 15/00 

Group VII, claims 15-18, drawn to furnaces for processing a spherical shaped semiconductor single cystal. 
F27B 1/00; C30B 35/00 

Group VIII, claim 19, drawn to a system for making semiconductor granules. F27B 15/00; C30B 35/00 
Group IX, claims 20-21, drawn to a system for epitaxially growing a semiconductor sphere. C303 19/00, 



Group X, claims 22-26, drawn to a treatment device for processing spherical shaped semiconductor material. 
F27D 3/18 

Group XI, claims 27-29, drawn to a treatment device for processing a semiconductor granule. F27D 3/18; 
C30B 1/00, 13/00, 35/00 

Group XII, claims 30-32, drawn to a photo exposure system for processing spherical shaped semiconductor 
material. C30B 35/00; H01L 21/027 

Group XIII, claim 33, drawn to a system for polishing a spherical shaped semiconductor. B28D 5/00; C30B 

35/00 

Group XIV, claims 34-35, drawn to a processing system for ICs. F27D 3/18; C30B 35/00 
Group XV, claims 36-44, drawn to a system for processing a semiconductor sphere. C30B 33/10, 35/00; 
F27D 3/18 

The inventions listed as Groups l-XV do not relate to a single inventive concept under PCT Rule 13, 1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: none of the 
groupings are so linked so as to form a single general inventive concept since they recite systems, devices and processes 
which have no common technical relationship. 



Form PCT/ISA/210 (extra shcct)(July 1992)* 



35/00 



